ABSTRACT
INTRODUCTION
The high yields, low cost, and stability of palm oil makes it the most widely used vegetable oil in the world, and global production of the commodity is steadily rising in response to population growth and policies that promote the use of palm and other oils in biofuels (Petrenko et al., 2016) . Its rapid growth has also drawn negative attention that requires the industry to manage public sensitivities especially in issues pertaining to health and environment, and to swiftly address them to ensure that the industry's competitive edge is not jeopardised . Regardless of the sentiment, the palm oil is still the largest internationally traded vegetable oil with demand estimated to reach 240 million tonnes by 2050 (Corley, 2009) . Restricted genetic base of the oil palm coupled with the long breeding cycle generally result in a slow genetic progress from one cycle of selection to another, hampering significant improvement of the crop. According to Wonkyi-Appiah (2013) , new sources of variation need to be introduced into the oil palm breeding programme to enhance selection for high yields and other useful traits. Aside from leveraging the genetic resources (Rajanaidu et al., 2017) , introduced the concept of transformative technologies providing the relevant tools to further enhance research.
These technologies continue to improve over time and as more successful applications in the plant system are reported (Kushairi et al., 2018) , this will provide the impetus for commodity crop such as the oil palm to leverage these advancements.
One of the ways of accelerating oil palm breeding and development of novel traits is by mutation induction. Although not a new technology, it is still very relevant. According to Roychowdhury and Tah (2013) , mutation in crop species can significantly increase genetic variability and accelerate many breeding programmes. Induced mutations, using chemical or physical mutagens, is a suitable approach to producing variation in plant breeding (Hakeem et al., 2013; Roychowdhury and Tah, 2011; Domingo et al., 2007) . This can produce several improved mutant varieties with high demand and economic value (Din et al., 2004) . Induced mutants also have superior characters such as short stature and lodging resistance, disease resistance, improved oil quality and increased nitrogen fixation (Hakeem et al., 2013) . Therefore mutation breeding through gamma irradiation may be a useful tool in creating variation in oil palm. Through a study conducted by Rohani et al. (2012) , oil palm callus cultures were subjected to gamma irradiation and the subsequent clones produced were field planted. At high dosages, modifications to specific physiological and vegetative characteristics such as the biomass were observed (Samsul Kamal et al., 2014) . The objectives of this study are to induce variation in oil palm using gamma irradiation and subsequently to determine its effect on seed germination and seedling growth at the nursery.
MATERIALS AND METHODS
Seeds for this experiment were obtained from M 1 population at the Oil Palm Research Institute (OPRI) in Ghana developed by Wonky-Appiah in 1976. These seeds were derived from the commercial Deli dura x Aba pisifera (Nigeria) cross. The M 1 palms irradiated at 10 Gy showing superiority in yield were selected. Two thousand and one hundred M 2 seeds produced under controlled pollination of the selected M 1 palms were at 17% moisture content before being irradiated to produce recurrent irradiation population (M 2 M 1 ) at 10 Gy. Nonirradiated seeds from a commercial oil palm variety as well as irradiated seeds (M 1 ) of the same variety were obtained from the Plant Breeding Division of OPRI. Part of the non-irradiated seeds was used as a control (M 0 ) ( Table 1) .
Irradiation of seeds was done at the Radiation Technology Centre of the Ghana Atomic Energy Commission (GAEC) at a dosage of 10 Gy radiation sourced from cobalt-60.
Field Experiment
The research was carried out at the OPRI nursery. Hundred germinated seeds of each treatment were sown singly in black polybags (35.6 cm x 45.7cm) filled with a mixture of topsoil and sand at the ratio of 2:1 (Wonky-Appiah, 1976).
A randomised complete block design (RCBD) was established for the experiment involving four treatments with four replications and 25 plants per plot. Standard cultural practices were carried out accordingly. Root length was determined nondestructively at three months after planting (MAP). Plant height, butt circumference and leaf area were recorded monthly from 4 to 12 MAP on 10 palms randomly selected from each plot (treatment).
Germination frequency was determined by the formula:
Germinated seeds x 100 percentage (%)
Total seeds sent for germination
Root Length (cm)
This was determined at 3 MAP. Polybags with seedlings were soaked with water to allow easy removal of ball of soil around the root. A piece of thread was laid alongside the longest root and its equivalent length on a meter rule taken as the reading.
Number of Leaves Per Plant
This was determined by counting the number of leaves on a seedling on a monthly basis from 4 to 12 MAP.
Plant Height (cm)
This was measured as height from the soil level in the polybag to the tip of the highest leaf using a meter rule at monthly intervals from 4 to 12 MAP. Note: Eighty seeds of each treatment were used for routine moisture content and viability test. Seeds were germinated using the dry heat method (Hartley, 1988) for three to four months.
Effect of gamma irradiation on shoot system (above ground structures) at 4-12 MAP. (Table  4 ) with M 1 been the tallest followed by M 0 , M 2 and M 2 M 1 in that order for all the recorded months. At four months after planting, significant difference occurred between M 2 and M 2 M 1 but in the subsequent months M 2 seedlings remained taller than M 2 M 1 seedlings even though the differences were less obvious.
There was no significant difference at P≤0.05 among the treatments with respect to butt circumference until the eight month ( Table 5 ). Although significant difference was not observed, M 1 seedlings generally had the largest butt from the Note: Means with the same letter (s) are indicative of no significant difference at a 5% probability level.
Butt Circumference (cm)
Butt circumference was determined monthly by using a pair of veneer callipers to measure the diameter at two places on the butt. The circumference was determined by the formula πd where π was taken as 3.14 and d is the average diameter measured.
Leaf Area (cm 2 )
A non-destructive method was used. The length and greatest width of each leaf was measured with a ruler on each of the recorded plants sampled per plot. Leaf area was then estimated according to the formula by Hardon et al. (1969) . A -b (nlw) where: A -leaf area.
b -correction factor (0.57). n -number of leaves. lw -is mean of length and width of sample of the six largest leaflet.
GenStat software was used to generate analysis of variance (ANOVA) for the data collected. Where significant differences were observed between treatments, the Least Significant Differences (LSD) at P=0.05 was used to separate the means. Figure 1 shows percent germination of oil palm seeds following irradiation treatments. Germination percentage was highest in M 1 (93.22%) followed by M 0 (79.52%), M 2 (70.35%) and M 2 M 1 (10.74%).
RESULTS

Effects of Gamma Irradiation on Growth and Development of Oil Palm Seedlings
Effect of gamma irradiation on root system (below ground structures) at 3 MAP. The mean root lengths of seedlings of the various treatments at 3 MAP are displayed in Table 2 . There were significant differences (P≥0.05) in mean root length at 3 MAP. All the irradiated materials had longer roots than the control. fourth to the seventh MAP followed by M 0 , M 2 and M 2 M 1 respectively. At 8 MAP, seedlings in treatment M 1 had the highest butts followed by control but the difference between them were not significant. Treatments M 2 and M 2 M 1 however had significantly smaller butts than the former treatments.
DISCUSSION
M 1 seeds which had the highest germination percentage might be due to the stimulatory effect of gamma radiation at a low dosage. Sapey (2015) in determining the optimal dose for oil palm mutation induction concluded that 9.5-11 Gy and 8-13 Gy was the optimum dose for Cross 131 and 132 respectively. Gamma irradiation dose used for the present study was 10 Gy which falls within the optimal dose for the two varieties studied by Sapey (2015) and might have accounted for the 93.22% germination. According to Sadegh et al. (2014) , low exposure of materials to gamma irradiation caused a stimulatory effect while higher exposures were inhibitory due to the reduction in mitotic activity. The cause of the stimulation might be due to hormonal changes in the plant cell, increased oxygen uptake which caused a production of organic and inorganic peroxy radicals leading to breakage of seed dormancy (Sadegh et al., 2014; Ling et al., 2008; Norfadzrin et al., 2007) . In addition, Abdel-Hady et al. (2008) and Moghaddam et al. (2011) reported that the cause of the stimulation of germination at low dose of gamma irradiation might be due to ribonucleic acid (RNA) or protein synthesis activation after seed irradiation and improvement in the oxidative capability of cells leading to the reduction or domination in stress factors such as temperature and light intensity. Correspondingly, Sjodin (1962) reported that enzymatic activity as well as the awakening of young embryo may be enhanced by low doses of gamma irradiation resulting in a stimulatory effect on the rate of cell division and subsequently affecting both germination and vegetative growth.
The result of the present study is in accordance with earlier reports by various authors. WonkyiAppiah and Amu (1976) obtained up to 72% germination in oil palm seeds subjected to gamma irradiation without heat treatment. He reported that even though high doses (above 50 Gy) gave higher germination percentage, further growth at the emergence of the embryo was greatly retarded. The control (non-irradiated material) did not germinate during the experimental period of eight weeks. Kiong et al. (2010) reported that growth of citrus plant was stimulated at 10 Gy with increased germination percentage as compared with the control. Akshatha et al. (2013) working on the effect of gamma irradiation on germination, growth, and biochemical parameters of Terminalia arjuna Roxb concluded that low doses of gamma irradiation significantly increased the germination percentage compared to the control. Similar results were obtained by Toni et al. (2013) who studied effects of gamma irradiation in tomato seeds and reported that low doses of gamma irradiation stimulated germination, vegetative growth, number and weight of harvested fruits of tomato and that highest yield of fruits was produced at 10 Gy. Various authors (Akshatha et al., 2013; Aynebhand and Afsharinafar, 2012; Selvaraju and Raja, 2001 ) have all concurred with the stimulatory effects of low doses of gamma irradiation on germination, vegetative growth and yield. Note: Means with the same letter (s) are indicative of no significant difference at a 5% probability level.
The populations subjected to recurrent irradiation (M 2 M 1 ) had lower germination frequencies (10.74%). This might be due to inhibitory effect posed by the recurrent gamma irradiation treatment. The inhibitory effect could be caused by increase in stress factors, reduced mitotic and enzymatic activities leading to low shoot and root proliferation. M 2 seeds had 70.35% germination percentage which signifies that gamma irradiation had severe inhibitory effect on the recurrent irradiation population (M 2 M 1 ). It can therefore be deduced that low dosage of gamma irradiation provides positive stimulation for germination whilst further exposure to gamma irradiation especially when applied repeatedly have an inhibitory effect on germination as reflected in the M 2 M 1 materials.
According to Tinker and Corley (2003) , the dry heat method of germination should give above 85% germination. The current germination percentage with the dry heat method at CSIR-OPRI falls within the range of 79%-82% (Obeng Godfred, pers. comm.) . All the treatments except the M 1 population (93.22%) rose above this value implying that germination of seeds could be increased by the use of low doses of gamma radiation. An increase of about 11%-14% in germination over the control can bring good returns to oil palm seed producers.
The stimulation of cell division and elongation by the low dose of gamma irradiation might have led to the increase in root length of M 1 seedlings. This was supported by several independent studies done on other crops. Sasikala and Kalaiyarasi (2010) reported that low dose of gamma irradiation can increase root length while high doses caused a stunted root growth in rice. Akshatha et al. (2013) also observed a similar trend in Terminalia arjuna Roxb. Gamma irradiation at 25 Gy increased the root length over the control but with doses above 25 Gy root lengths were significantly reduced. Furthermore, Ikram et al. (2010) also affirmed that gamma irradiation at low doses (15, 30 and 60 Gy) increased significantly the root length of mung bean but beyond these there was a reduction in the root length compared to the control.
The low dose (10 Gy) of gamma irradiation might have caused the stimulation of cell division and elongation in M 1 palms leading to larger and longer leaves which ultimately increased the leaf area in the M 1 palms. Ilyas and Naz (2014), reported significant increase in average leaf width and length after gamma irradiation at 10 Gy of Faisalabad genotype of Curcuma longa (L) which resulted in an increase in the leaf area. Islam et al. (2015) also affirmed that the leaf area of grape saplings (Vitis vinifera L.) were significantly higher at 10 Gy as compared to the control plants.
Gamma irradiation treatments significantly increased the plant height in the M 1 population and reduced the height of M 2 and M 2 M 1 compared to control (M 0 ) plants. The stimulatory effect of lower doses of gamma irradiations on growth of plants might be due to stimulation of cell division, alteration of metabolic processes that affect synthesis of nucleic acids (Ilyas and Naz, 2014). According to Mounir et al. (2015) , irradiating seeds with a 20 Gy dose (low dose) prior to sowing significantly increased growth promoters gibberellic acid (GA) and auxin and insignificantly decreased growth inhibitor, abscisic acid (ABA). Grover and Khan (2014) concluded that gamma irradiation at a low dose stimulates, while a high dose inhibits plant growth and development. Grover and Khan (2014) also reported that the induced stimulation of plant growth at low dosage causes changes in the biochemical characteristics of target tissue or plants which directly or indirectly regulate cell division and cell elongation and hence the morphological aspects and consequently the related physiological attributes increase.
The results obtained in this study corroborated the findings of other authors. Grover and Khan (2014) also reported that significant differences occurred between seeds of wheat irradiated with gamma irradiation at various dosages but maximum height was obtained in wheat seeds irradiated at 10 Gy. Minisi et al. (2013) reported a significant increase in height following the application of low dose of gamma irradiation compared to the control in Moluccella laevis (L).
Though higher doses were not used in this study, recurrent irradiation through gamma rays caused inhibition effect in plant height. The reason accounting for reduction in the height of plant in the M 2 M 1 and M 2 population, might be due to inhibitory effect produced by the gamma irradiation due to reduced mitotic division in meristematic tissues and reduced moisture content (Khalil et al., 1986) , interruption in DNA synthesis and other physiological and biochemical changes (Sasikala and Kalaiyarasi, 2010) . The cause of the inhibition by high doses might be due to oxidative stress with overproduction of reactive oxygen species such as super oxide radicals (O-), hydroxyl radicals (OH-) and hydrogen peroxides (H 2 O 2 ), which react rapidly with almost all structural and organic molecules causing disturbance of cellular metabolism (Garcia et al., 2000) . This result is in harmony with Nunoo et al. (2014) who also reported a reduction in the height of tomato plants following recurrent irradiation.
Height reduction of about 31.01% at 12 MAP in the M 2 M 1 population may have a potential of producing the dwarf or semi dwarf trait. Dwarf traits are of great importance to oil palm breeders as this will extend the economic life of the palm, increase the efficiency of harvesting and as well facilitate mechanization of harvesting (Barcelos et al., 2015) . The M 2 M 1 seedlings may be planted for further observation. If they are found to be dwarfish,
